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ABSTRACT 
A 3 liter liquid helium counter has been assembled and 
used in  two experimental configurations. 
s c in t i l l a t i on  chamber is described in  terms of these experiments, 
and the pulse height and resolution characterist ics of the  counter 
are given for  the case where two 5 in. diam phototubes v i e w  the 
l iquid helium with good geometry. 
The operation of the 
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1. Introduction 
We report design arpd performance characterist ics fo r  a 
multiwindowed l iquid helium scintillat-lon counter of 3 l i ter  sensi- 
tive volume. 
cylinder ~7hich I) can be terminated on'both ends with demountable 
windmm {either sapphAre o r  beryllium), and 2) can be coupled w%tk 
its main cylindrical axis  oriented horizontally as t a i l  section t o  
a 15 l i ter  helium cryostat. (I) 
has served as combination target-counter fo r  two stopped-meson ex- 
periments:: 
Ne 
The counter can be described as a 6 in. d i m  r ight  
FXth minor modifications t h i s  dewar 
a) study of the depolarizat5on of negative muons in 
4 (2) 4 (3) , and b) the observation of fl- and no K-series x-rays in He 
The role  of the helium counter in  these experiments fs 
presented i n  Section 2. 
assembly are given i n  Section 3. 
are reported of the  cotrnterss pulse height response when viewed by 
two 5 in. diam photomultiplier tubes through 5 in. d i m  sapphire 
windows 
Details of the  counter's operation and 
Finally i n  Section 4 measurements 
2. Experimental Applications 
2.1 Xegetive Muon Depolarization in Ilklium. 
Figure 1 shows a simple plan view of t he  helium counter 
cryostat and as6ociated plastic sc in t i l l a t i on  counters In the  counter 
telescope of the 1.1" depolarization experiment. 
pions were extracted from the 600 MeV synchrocyclotron at t he  PZASA 
Space Radiation Effects Laboratory; muons from pions decaying backward 
For this work negative 
i n  the pion rest frame were then selected and brought t o  rest in the 
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helium chamber, 
tt-e decay asymmetry; de ta i l s  of the  method are given i n  R e f .  2. 
A spin precession technique was used t o  measure the 
The counter is shown housed within its Lg thermal shield 
and vacuum jacket and surrounded by a three-axis set of Helmholtz 
coils. 
of ei ther  1006 or  1.56, mifonn to  1% and 102, respectively, mer the 
sensit ive helium volume; the square transverse co i l s  were used t o  
nul l i fy  s t ray horizontal f i e ld  components. 
less steel endplate was mounted in to  one of the window positions. 
Scint i l la t ion events in the helium were viewed throush a 5 in. diam 
sapphire window by a single 2 in. diam phototube (Phill ips 56 A=). 
The rube was situated beyond the radius of the precession f ie ld  co i l s ,  
in  thermal contact with the LN shield, Opt ica l  coupling between the  
windolg and the phototube was provided by a 10 in. long aluminum f o i l  
l i gh t  cone which was spray-coated with wMte paint (Tygon-SB-361) for 
diffuse ref lect ivi ty .  ''' An aluminum-foil l i n e r  (dashed l i nes  i n  
Fig. 1) was positioned inside the target  cylinder. This was  spray- 
coated with 25 w/cm of w h i t e  Tygon paint followed by a deposition 
of 100 pg/m of p,pc diphenystilbene @PS) which served to  waveshift 
the primary ul t raviolet  s c * ~ t i l l a t i o n s  in herim.  
was coated, as well, with 25 ug/cm of DPS. 
By operating the  l iquid target  as a counter %n this experi- 
3s circular co i l s  were operated at precession f i e l d  strengths 
?n t h i s  experiment a stain- 
2 
2 
2 
The sapphire window 
2 
ment wa found that not only could the  helium counter, No, 3, be used 
t o  define a stopping muon, Le., 123=, but its f a s t  s c in t i l l a t i on  
lifetine of approximately 6 nanoseconds also permitted the detection 
of the aubsequent p-decay electron, the signature for which was given 
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by-2365. 
inputs, respectively, t o  a 50 7-z d ig i t a l  tber  capable of analyzing 
8 psec of the v-e time spectrum. 
These two coiacidezce signals formed the stop and start 
Requiring the observation of both 
events i n  the helium couater perrnitted the rejection of v-e events 
originating from ~ U O P S  stopping in e i ther  the front or back w a l l s .  
2.2 Xesic X-Rags in Eeliun. 
For the i n i t i a l  observation of v- and a" x-rays i n  helium 
the meson counter telescope was modlfted from tha t  shown in  Fig. 3 
t o  include a water Cerenrkav counter fer the rejection of electroas 
in the bem and a 4 in. x 4 fn, plas t ic  counter placed immediately 
before the  target  cryostat, 
which the  helium counter consisted of a single chamber viewed. by a 
5 in. diam photomultiplier tube (RCA 4465) .  The value o f  the helium 
counter i n  x-ray Prork was tested during t h i s  run by coqar inz  a- i n  
helium x-ray signal-to-noise for  I.) a stoppin: meson coincidence 
which bcorporated the  helium sc in t i l l a t ion  ~ u l s e ,  and 2) one which 
did not use this information. 
the x-ray siznal-to=noise by a factor of two. 
Reference 3 descrAbes rhfs setup in  
Using the helium as a counter increased 
Figure 2 provides a detailed two-view schenotic of the  
counter as modified for a second x-ray run. 
on m e  end of the  target  cylinder a beryllium tsindow un i t  %Il (3 in. 
diam aperture by 0.040 in. thickaess) wMch permitted the transmisston 
of sof t  mesic x-rays, and on the other end an optical  wdndm unit W2 
cotmisting of two 2 tn. diam commercial sapphire windows. 
This arrangement featured 
(5 1 
A liner of alumfnum f o i l  and thin mylar construction parti-  
tioned the  chamber in to  two separate sc in t i l l a t i on  compartments which 
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in our counter scheme w e r e  labeled :?e4 and Be-5. 
l i n e r  are cedent from Fig. 3, while its location and orientation with- 
i n  the counter cryostat is suecified by dashed l i nes  i n  both views of 
Fig. 2. 
thfck alumhized mylar. 
the  same reflector-waveshifter coatfng described i n  Section 2.1. 
liner w a s  then assembled upon a thin aluminum frame, and h s e r t e d  in to  
the counter by removing one of the windows, 
DPS (25 ug/cm ) also coated the inner surface of the s q p h i r e  windows, 
Photomultiplier tubes PFZ-4 (Phill ips 56 TVP) and PX-5 (Phill ips 56 A n )  
were cooled by a demountable copper extension t o  the  
jacket and connected to  external tube bases through 20 pin feedthroughs. 
Cross-talk between these phototubes caused by l i gh t  from one compart- 
ment window reaching the other compartment's phototube was supressed 
by a copper baff le  located between them. T e s t s  i n  which a l i gh t  pulser 
placed i n  one compartment emitted a saturation signal in  that phototube 
showed no l i gh t  leakage t o  the adjacent section. 
"he de ta i l s  of t h i s  
Of part icular  in te res t  is the ver t ica l  par t i t ion of 0.000S in. 
The in te r ior  porttons of the  liner received 
The 
A transparent layer of 
2 
2 radiation 
A two-compartment design o f  t h i s  type was  chosen t o  fac i l i -  
tate measurement of the absolute yield of ~.l'- and m- K-series x-rays 
i n  helium. In t h i s  particular study mesons were brought t o  rest in 
counter Re-4, with He-5 operated in  anticoincidence. 
as the back w a l l  t o  R e 4  we were able to  reduce considerably the 
number of mesons which stopped i n  the downstream w a l l  and hence were 
able t o  determine more accurately the nmber of m e  stops i n  the l iquid 
helium, 
the measurement o f  x-ray energy, linewidth, and re la t ive  t ransi t ion yields. 
With thin mylar 
The m j o r  portion of the running t i m e ,  however, was given t o  
- 5 -  
For t h i s  latter work signals from the counters He-4 and He-5 were mixed 
to  increase the detection rate for helium x-rays. 
H e l i u m  mesic x-rays i n  the energy ranp;e from 8 t o  14 keV were 
''I This detector detected by an 80 mm x 3 rn thick S i ( L i )  detector. 
was mounted 521 a separate L$ coldfinger housing and was coupled t o  a 
cooled FET (the f i r s t  stage of  the preamplifier) using the  design of 
Shuler and Rarrfs e (7) 
2 
Figure 2 shows an imploded design fo r  t he  helium 
counter vacuum jacket which made it possible for the  Si detector t o  
come t o  within 2 in. of the helium window "dl. 
were located between the liquid helium and the Si detector itself: 
A t o t a l  of five walls 
1) 0.0005 h. aluminized mylar as t ha t  part: of the  l i n e r  next t o  VI, 
2) beryllium window I$, 3) a L%? themal  shield of 0.0005 in. mylar, 
4) a vacuum jacket beryllium window (1 in. dim by 0.010 in. thickness), 
and 5) a window similar t o  4) on the top hat of t he  S i ( 2 i )  coldfinger 
housing. The transmission coefficient for t h i s  sequence of wiridows 
was 81% for the "-Ka energy of 10.8 keV. ( 8 )  
3. Assembly and Operation of t h e  Counter 
Figure 4 depicts the various indium O-ring seals made for  
the target  chamber. 
t o  the helium reservoir section of the cryostat (neck seal) is shorn 
i n  Fig. 4a. 
indium w i r e  between flanges of stainless  steel. (') compression t o  a 
thickness of 0.019 in. was  achieved by drawing together a pa i r  of s p l i t  
rings which made contact to  the flanges. 
The manner irr which the  target section was coupled 
This consisted i n  compressing a ring of 3/32 in. d%am 
Excessive t ighteningaf  the 
eight sc re~m was prevented by inserting a thin s p l i t  col lar  of proper 
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height (not shown i n  Fig. 4a) at the outer edge of the  rings. 
less steel was  the common material used i n  rhe three target  seals. 
reduce thermal emissivity the outer surfaces of these gasket assemblies 
were s i lve r  Flated. 
Stain- 
To 
Figure 5% shows a partially-exploded view of the  beryllium 
tJiadoszr seal. 
seal a G in. diam by 0.040 in. thick disk of beryllium i n  a recessed 
target  flange of 6 314 in. i.d. ’’ 
retatning cap over the flange and tightening eight screws mounted with- 
in the cap. In practice we made a Ferasament sandwich of the  beryllium 
disk between its containing rings by using eigbt flat-head screws (not 
shom in the figure) t o  compress the  smaller diameter O-ring. 
aperture for  x-rays could be varied by attaching t o  the sandwich, 
metal r b g s  of selected internal diameter. 
quired t h i s  design could be modified €or a 5 in. diam view. 
TpJo indium O-rings of 3/32 in. thickness were chosen t o  
The seal was mads by threading a 
The 
If large aperture were re- 
Figure 4c shows the  double sapphfre window pla te  used in the 
x-ray yield e e e r h e n t ,  while Fig.  4d is a schematfc of the 5 in,  diam 
window, 
each consisting of a sapphire disk brazed into 8 tantalum o r  b a r  
ring. Each window pla te  f i t  a recessed target  flange, making a 
seal with one indium O-ring. 
seals were easy t o  make and were t igh t  to a helium leak detector under 
repeated cycling to  l iquid helium temperatures. The opening of a win- 
dow seal required two lock-nut screws which passed through the retaining 
cap and threaded in to  positions on the window unit .  
against the top of the  retaining cap the screws were tken able t o  with- 
d raw the window uni t  f r o m  the flange, 
Both type sapphire window units were commercially supplied, 
With few exceptions these indium O-ring 
Locking the nuts 
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4. T e s t  o f  Pulse Height Uni€ormity 
One of our initla aims with the helium counter was t o  dem- 
onstrate tha t  a uniform pulse height response in  l iquid helium could 
be achieved with a two-window aonfiguration. The experimental arrange- 
ment took the following form: 
mounted in the counter chamber and each was viewed by an RCA 4465 
photomultiplier tube (5  in. diam with S-20 response) at a window-to- 
photocathode separation of 1/2 in. An alumlnmm-foil liner conformed 
Five inch d i m  sapphire windows were 
to  t h e  inside o€ the  6 in. diam chamber, and received the following 
preparation; 2 2 15 mglcm of whi te  Tygon paint followed by a 100 pp/cm 
evaporation layer of DPS vraveshifter. The target faces of the  sapphire 
2 windows were coated with 30-40 pe/cm o f  DPS. 
~ 0 ' ~ '  was electrodeposited on a 0.001 in. diam ss wire, and 
the wire i r z  turn secured t o  a long 1/8 in. dim SS tube which extended 
from the target region t o  the  top of the cryostat, allowing manfpulatlon 
of the sourceo 
counter lookine down t h i s  1/23 in. tubing. 
l i ne  of the cryostat by 1.5 in. along the X - a x i s .  
A schematic inser t  fn Fig. 5 shows the v i e w  of the  
The tube is off the center- 
Within the  chamber 
a thin wire extension t o  t h i s  tubing lies in the horizontal. plane and 
is represented by the arrow i n  Fig. 5 .  To the t i p  of t h i s  arrow the 
source wire is attached in a vert ical  orientation. Ful l  rotation of 
the 11.3 in. diam tube swung the source from the center of the  counter, 
to  the sa?ph.ire tdndow B and back t o  center, with pulse height measure- 
mmts being taken in steps of 45O. 
Z-axis allowed us t o  map the  2 diameter at  the center of the counter 
Vertical displacement along the 
and at the window. 
Phototube pulses were shaped i n  a s t re tcher-amlif ier  and 
presented t o  a 400 channel PEA. For a given position of the  alpha 
source anode pulses A and 3 were analyzed both separately and in a 
summed form A + B using a fan-in circui't, 
na ls  from A and E were placed i n  coincidence and matched in  pulse height 
with the source located at  the center of the  counter9 X = Y = 2 = 0.  
Refore taking data the sig- 
The results obtained i n  t5.e 2 = 0 plane as a functfon of the 
source's W component of displacement are given in  Fig. Sa. 
of the counter allows zrs to anticipate an ident ical  response i n  the 
negative X region, With window B located a t  X = 3.25 in , , the A f €3 
response was found t o  be uniform to  %?€thin - + 2% aver the central  80% 
of the X traversal. 
given source position, however, was 16% (FW@!I). 
The symmetry 
m i c a 1  A + 3 pulse height resolxtion at  any 
(11 1 
In Fig. SI we display the A + B response vs 2 dffsplacement 
at  fixed angles 8 = 0, I~l.2, and R. 
vidual responses from phototubes A am3 B with the source a t  the centers 
Iacluded are the overlapping indi- 
e = 0. 
Figures 4a and 4b together show that considerably more varia- 
t ion i n  A + B pulse height exis ts  across a diameter than along the X 
center liae. It is probable that  this effect  could be reduced o r  
eliminated by applying reflector-waveshifter t o  the exposed m e t a l  
portions of the window assembly which were not so coated i n  t h i s  test. 
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Fig. 1 Schematic diagram of the H e l i u m  counter as used in the study 
of the  negative muon's spin depolarization in l iquid helium. 
Fig. 2 Detaised schematic of the counter as modified t o  observe P- 
and n in helim x-rays. a. Downstream view. b, Plan view 
of the A-A cross-section. 
Fig. 3 klumintrm f o i l  l i n e r  used t o  determine the absolute x-ray yields 
for  p- and T- i n  helium. 
l iquid helium into two separate counter compartments. 
A thin w a l l  of mylar par t i t ions the 
Fig. 4 Various windows and gasket seals  for  the target chamber. 
a. Eeck seal of target t o  reservoir. b. Beryllium window 
mounted i n  flange. c. Two sanphire window unit ,  and d. 5 in. 
d i m  sapphire window. 
Fig .  5 P u l s e  height response of counter i n  two window configuration. 
a. Individual (A o r  B) and combination (A f B) pulse height 
uniformity in  X direction. b, Individual and combination 
response i n  2 direction. 
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Technical Measurements C o q .  
These detectors are not7 available from Kevex Corp. Burllnggame, 
California 
Detector Type 80-3AA. 
R. 3.  Part is ,  Jr., and B. Shuler, FTuel. Xnstr. and Pbthods 
R. T. HcGinnies, U. S. Xat. Bur. Stand Supplement to Circular 583 
(1959) 
Indium Gorp. of America, Utica, ITew Pork. 
Brush Beryllium Co., Cleveland, Ohio. 
In the past we have achieved a resolution of 8% (Ern) using a 
1/4 liter helium chamber viewed by a single E241 8558 photoxnulti- 
pr ier .  J. ?. Xane, R. T. S i e g e l ,  and A, Suzuki, Rev. Sci. Instr. 
-2 34 817 (1963). 
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